Summary Community-based monitoring was conducted in order to investigate the occurrence of diarrhea in 'sentinel areas' of Salvador, Brazil, and to establish a preliminary profile of the most common pathogens present in children's diarrhea by screening stool samples. This report describes the results obtained from twice weekly home visits to identify and follow diarrhea episodes and testing of carer-requested stool sample collection over a 6-month period. Participants were selected from a large longitudinal study in 21 areas representing the city's poorer socioeconomic and sanitary conditions. Fecal samples were examined for the presence of pathogenic bacteria, viruses and protozoa. The mean incidence of diarrhea was 4.97 episodes per child-year, and longitudinal prevalence was 13.6 days per child-year (3.7%). Pathogens were found in 44% of the fecal samples examined. Bacteria were the most frequently encountered pathogens (isolated in 22% of samples), followed by protozoa (19.5%) and viruses (16%). Viral and bacterial pathogens * Corresponding author. Community-based monitoring of diarrhea 235 were associated with episodes of severe diarrhea, while viral and protozoan pathogens were associated with longer episodes. The study demonstrated the importance of a public health monitoring system based on 'sentinel areas'.
Introduction
Diarrhea caused approximately 2 million deaths per year worldwide in the last decade (WHO-UNICEF, 2002) , and was responsible for an estimated 16-32% (median 21%) of mortality in children aged 0-4 years in developing countries (Kosek et al., 2003) . In northeast Brazil, the incidence of diarrhea is traditionally higher than in most other parts of the country, and represents between 9% and 17% of all deaths in children less than five years old (Brazilian Institute of Geography and Statistics, 2000) . In Salvador, mortality from acute diarrhea has fallen dramatically over the past two decades (Guimarães et al., 2001) , but still represented 6.7% of reported deaths in children younger than five years of age in the year 2000, the fourth highest rate among the 12 largest Brazilian cities.
Population-based diarrhea surveillance has been conducted almost exclusively in developed countries (de Wit et al., 2001; Wheeler et al., 1999) , with two objectives: to estimate the total burden of disease, and to explore the contribution of different organisms that cause diarrhea in the community and in those who report to health facilities. However, even in developed countries, where access to health care is almost universal, not all diarrhea cases present to health facilities (in England, for example, only 1 in 6 cases present), and those who do have different severity and organism profiles (Wheeler et al., 1999) . In Brazil, lower socioeconomic groups have limited access to healthcare facilities. Therefore, community monitoring is necessary for accurate incidence estimates in underprivileged groups where incidence is likely to be considerably higher than reported by official sources.
Although monitoring of non-random populations (e.g. in hospital, laboratory studies) has helped identify pathogens circulating in different contexts, population-based monitoring is necessary for determining the specific contribution of these agents to the total burden of gastrointestinal illness. The development of sensitive and specific laboratory diagnostics and molecular probes has contributed to a more thorough understanding of the wide range of pathogenic microorganisms that cause infectious intestinal diseases (IID), shed light on the origin and transfer of virulence factors, and helped identify emerging enteric pathogens (Monroe et al., 2000) . When used in conjunction with community monitoring, these techniques enhance the power to explore the contribution of different organisms to IID in the community.
We developed a community-based monitoring system in order to investigate the occurrence of diarrhea and screen stool samples to establish a preliminary profile of the most common pathogens present in children's diarrhea in Salvador.
Methods

Study participants
Salvador (population 2.4 million), capital of Bahia State, has the most unequal wealth distribution of the 12 largest Brazilian cities: the aggregated income of the richest 20% is 21 times that of the poorest 20%, and 30% of the population receives less than half the Brazilian minimum wage per month (Brazilian minimum wage approximately US$80) (Brazilian Institute of Geography and Statistics, 2000) . As part of an ongoing study to evaluate the health impacts of recently implemented basic sanitation (Bahia Azul Program), a sample of 1233 children from poorer areas of Salvador was monitored. The procedures for identifying and enrolling study subjects have been presented elsewhere (Strina et al., 2003) . Briefly, 'sentinel areas' were delimited by aggregating adjacent census districts with similar socioeconomic and environmental characteristics (Milroy et al., 2001; Teixeira et al., 2002) , and a sample of sentinel areas was chosen to represent the broad range of socioeconomic and environmental conditions in Salvador. Households with children younger than three years old were identified through comprehensive neighborhood surveys, and a random sample of children was selected from the complete list. The Federal University of Bahia Ethics Review Board approved the study protocol. Parents/guardians provided consent for their children's participation, and responded to questionnaires pertaining to socioeconomic, domestic and neighborhood conditions.
Diarrhea monitoring
Household follow-up was conducted for 66 weeks (30 October 2000 to 31 January 2002) in poorer sentinel areas, following an approach described previously (Barreto et al., 1994; Strina et al., 2003) . Homes were visited twice weekly (72 to 96 hours apart) according to methods previously validated for minimizing recall bias Blum and Feacham, 1983) . Carers were questioned about the occurrence of diarrhea and other symptoms (number and consistency of stools, fever, vomiting and blood in stool) and about any diarrhea management strategies taken (e.g. rehydration, remedies and medical care) since the previous home visit.
To maximize the sensitivity of the monitoring scheme, we adopted a more sensitive definition of 'diarrhea' than previously used to estimate incidence and longitudinal prevalence in this population (Strina et al., 2003) : any day in which the carer reported diarrhea and/or loose/liquid stools was classified as a 'day with diarrhea.' All 'days with diarrhea' that were separated by fewer than three days of 'normal' stools were considered to be part of the same episode, while all days/episodes of diarrhea separated by at least three consecutive days of 'normal' stools were considered distinct. Episodes were subsequently classified by degree of severity according to two different criteria:
(1) number of evacuations: '≥3 loose/liquid bowel movements on all days' versus '<3 loose/liquid bowel movements on all days' (Baqui et al., 1991) , and (2) duration of episode: '>2 days' versus '≤2 days'.
Sample collection
Fecal samples were collected during a 6-month period (24 July 2001 to 31 January 2002). Carers received stool-collection receptacles (plastic collection pots, plastic sacks and disposable diapers) and a card showing their child's study-identification number and the telephone number of the Diarrhea Care Unit (DCU) at the Federal University of Bahia Pediatric Hospital. Carers were instructed to collect their child's feces on any day that they judged their child to have diarrhea (regardless of the number of stools passed), and request collection of material by: (1) calling collect to the DCU (Monday-Thursday, Saturday and Sunday, 07:00 hours-16:00 hours, or (2) bringing their child directly to the DCU. When requested by telephone, a technician was sent on motorcycle to the subject's house: two swabs of material were collected from the diaper/pot/sack with Cary-Blair transport media and immediately placed on ice (along with any remaining fecal material). Whenever children were brought to the DCU, two rectal swabs were taken, placed in transport media, and refrigerated. Children were admitted for rehydration therapy or further medical attention when necessary.
Fecal analyses
The following organisms were considered 'pathogenic,' according to their widely recognized association with children's diarrhea (Black and Lanata, 1995) Parasitologic examinations for helminths and protozoa were conducted by the Kato-Katz technique (Katz et al., 1972) and sedimentation. To test for Cryptosporidium spp., stool specimens were sieved and submitted to the formol-ether concentration method (Allen and Ridley, 1970) . Stool pellets were spread over a glass slide, dried and stained with auramine-O ( Baron et al., 1989) . Positive samples were confirmed by analyzing three additional smears with the modified Ziehl-Neelsen technique (Henriksen and Pohlenz, 1981) .
Bacteria were identified using standard procedures (Finegold and Martin, 1983; Koneman et al., 1989) . Fecal material preserved in Cary-Blair transport media was applied directly to selective MacConkey agar to identify suspected Escherichia coli, Salmonella spp., Shigella spp., and Yersinia enterocolitica colonies, and to selective SS media to isolate Salmonella and Shigella. Tetrathionate broth was used for enrichment of Salmonella. Thiosulfate-citrate-bile-sucrose agar was used for primary isolation of V. cholerae, and alkaline peptone water (APW) for enrichment. Aeromonas was isolated on blood agar after incubation in APW enrichment broth. Suspected colonies were tested with Kliger's triage media and confirmed with biochemical tests and specific serology. Escherichia coli was confirmed by biochemical testing of three colonies from each lactose-positive culture isolated on MacConkey agar (Gomes et al., 1991) ; two colonies from each confirmed isolate were hybridized with radioactive labels to identify virulence factors, using the colony blot technique (Rosa et al., 1998) . Campylobacter jejuni-coli was isolated on three different culture media in parallel: (1) campylosel media (Biomerieux, Bologne, France), (2) Karmali selective agar (PROBAC, São Paulo, Brazil) and (3) 5% blood-agar plate, used in conjunction with a sample-filtration technique (Steele and McDermott, 1984) with the following alterations: fecal material was spread across 47 mm acetate cellulose membranes (0.45 poresize, Schleicher and Schull, São Paulo, Brazil) and allowed to diffuse across the filter for 45 min at 37 • C. Culture plates were incubated for 48 h at 42 • C under microaerophilic conditions (6% O 2 , 6% CO 2 , 3% H 2 , 85% N 2 ). Positive samples were confirmed by standard biochemical techniques (Nachamkin, 1995) .
Adenovirus and group A Rotavirus were detected by enzyme immunoassay (Biomanguinhos, Oswaldo Cruz Foundation) and polyacrylamine gel electrophoresis (Pereira et al., 1985) .
Statistical analysis
Incidence (number of episodes of diarrhea per child-year) and longitudinal prevalence (number of days with diarrhea per child-year) were calculated as described previously (Strina et al., 2003) . Associations between the occurrence of symptoms and the probability of carers requesting collection, and between the severity of diarrhea and the pathogenic agent identified in stool samples, were tested with 2 × 2 tables, odds ratios and 95% confidence intervals. To test whether 'negative' samples (i.e. those in which microorganisms were not identified) were reported/collected later in their respective episodes than 'positive' samples (i.e. those in which microorganisms were identified), the distributions of the chronological 'day of episode' that collection was requested were constructed separately, and the medians of these distributions were compared using the Wilcoxon rank-sum test. Student's t-test was used to compare differences in the duration of symptoms and the time elapsed between defecation and fixation in transport media for 'positive' and 'negative' samples. Statistical analyses were performed with S-PLUS 6.0 (Insight Corp., Seattle, WA, USA), SPSS 10.0 (SPSS Inc., Chicago, IL, USA), Epi Info 6.0 (CDC, Atlanta, GA, USA) and STATA 7.0 (Stata Corp., College Station, TX, USA).
Results
Sample collection
During the sample-collection period, 136 193 childdays were observed for 1057 children. Mean age at beginning of follow-up was 759 days (24.9 months; range 58-1406 days). The number of childdays observed was approximately the same each week (5331 child-days; SD: 92 child-days), with the exception of the week prior to Christmas (when no visits were undertaken) and the last week of the study, which included only four days of follow-up. The total number of child-days observed in each of the 21 areas was also similar (mean: 5921 childdays; SD: 1034 child-days).
During the collection period, 302 children (29% of total) had no reported days/occurrences of diarrhea, while carers of the other 755 children reported 1856 occurrences (706 of which were with ≥3 loose/liquid stools per day), for an overall incidence of 4.97 per child-year. Three-quarters of all children who participated (75%) had two or fewer occurrences, and nearly half of occurrences (48%) lasted only one day. Only 1% of all episodes represented 'persistent' diarrhea. The overall longitudinal prevalence was 13.6 days per child-year (diarrhea reported on 5031 child-days). Bloody stools were only reported on 193 child-days (0.1%). Carers reported giving commercial and/or home remedies on 35 112 child-days (25%) ( Table 1) . A total of 211 requests for sample collection were received from 176 carers (17% of all enrolled): 150 requested once (85%) and 26 more than once; 186 requests were made by telephone, 13 during hospital visits and 12 during home visits. Carers who requested collection were similar, in terms of demographic and socioeconomic characteristics, to the rest of the 881 carers who reported diarrhea but did not request collection (Table 2a) , and those who called to request collection were not more likely to have telephones than those who did not call (P = 0.13).
Nearly half of all requests (49%) were received on the first or second day of a diarrheal episode, and 77% by the fourth day. Seven telephone requests (3%) were received after final collection hours; therefore, the 186 samples that were collected represented 91% of the requests during regular collection hours: 173 samples (93%) were collected in the child's home and 13 (7%) rectal swabs were collected at the University pediatric hospital. Eleven samples with complete follow-up that could not be matched to reported occurrences of diarrhea were excluded, so a total of 175 samples were considered.
Carers were more likely to request sample collection when illness, fever, cough, vomiting, or stools with blood or mucus were reported during an episode (Table 2b ). In addition, carers were more likely to request sample collection during episodes involving younger children (711 vs. 785 days old, P = 0.004), longer duration, and more reported days with symptoms (Table 2a) . Home visits occurred during approximately half of the episodes (917, or 49%), and carers were more likely to request collection when a home visit occurred during the episode.
Laboratory results
The complete diagnostic battery could not be applied to all samples: 6 samples (3% of total) were not analyzed for bacterial agents, and laboratory delay prevented the first 49 samples (28%) from being analyzed for Campylobacter jejuni-coli. (Table 3) : bacteria in 22%, protozoa in 19.5% and viruses in 16%. Single pathogens were present in 62 samples (35%) and multiple pathogens in 15 samples (9%). Overall, 'negative' samples were not more likely to have been reported/collected later in their respective episodes than 'positive' samples. Furthermore, when comparing 'positive' and 'negative' samples, we found no significant differences in the amount of time elapsed between: (1) defecation and request for collection (41 min for negative, 53 min for positive) (P = 0.30); (2) request for collection and fixation of sample in transport media (112 min negative, 125 min positive) (P = 0.41); (3) defecation and fixation of sample in transport media (152 min negative, 164 min positive) (P = 0.44).
The prevalence of pathogens in the 102 samples that received complete diagnostic testing were similar to that in all samples, and proportions identified in children older and younger than 18 months were similar, except that protozoa were more commonly identified in children older than >18 months (P = 0.03).
The most commonly identified pathogen was E. coli (detected in 30 samples), followed by G. lamblia (24), Rotavirus (11), Astrovirus and Campylobacter (7 each), Cryptosporidium (5), Adenovirus (4), E. histolytica (3), and Salmonella and Shigella (1 sample each). Escherichia coli was suspected in 138 lactose-positive samples (i.e. 81% of all samples examined for bacteria); of these, 119 were confirmed positive (86%) and 30 were found to contain diarrheagenic strains (i.e. 17% of all samples received, 22% of all samples tested for E. coli, and 25% of all confirmed samples).
Viral and bacterial pathogens were more frequently isolated from samples collected during episodes characterized by ≥3 loose/liquid bowel movements on all days, and viral and protozoan pathogens were associated with episodes longer than 2 days (Table 4) .
Discussion
Despite a significant decrease in diarrhea-related mortality in developed and some developing countries such as Brazil, diarrhea is still an important cause of morbidity (Kosek et al., 2003) . The rapidly changing epidemiologic profile of diarrhea requires careful monitoring to track incidence, the emergence of new pathogens and changes in existing pathogens. However, to date, populationbased monitoring (including monitoring of etiologic pathogens) has been conducted almost exclusively in developed countries (de Wit et al., 2001; Wheeler et al., 1999) , where organized sentinel health care and laboratory monitoring systems facilitate the identification of IID patients. One of the greatest challenges for surveillance in the developing world is reaching the disadvantaged socioeconomic groups who suffer most of the infectious disease burden, lack sufficient access to formal healthcare infrastructure and live in deprived areas with limited road access. We adapted our monitoring scheme to accommodate the demographic and clinical profile of our study population by making twice weekly home visits (to identify and follow diarrhea episodes) and in-home stool-sample collection (to identify diarrheagenic pathogens) for a sample of children drawn from a group of previously defined sentinel areas .
Overall incidence observed during the collection period (4.97 occurrences per child-year) was higher than the median reported by a survey of the global diarrhea burden in children younger than five years old (3.2 per child-year) (Kosek et al., 2003) , but lower than that previously reported in both a small town (Barreto et al., 1994) and a metropolitan slum (Guerrant et al., 1983) in the same region of Brazil. However, definitive comparisons are difficult since the definition of 'diarrhea' is not standardized, and not all studies adopt the same definition (Baqui et al., 1991) . Here, carers were responsible for reporting the presence of diarrhea in their children; therefore, their perception of diarrhea was the basis of our monitoring scheme. However, twice weekly home visits provided parallel information used to differentiate episodes on the basis of severity (e.g. '≥3 loose-liquid stool/24 hours' vs. '<3 loose-liquid stool/24 hours', and '>2 days duration' vs. '≤2 days duration').
By collecting samples produced across a broad clinical spectrum of diarrhea, we were able to compare the potential pathogenicity of the various microorganisms by comparing their occurrence in more severe episodes. The bacterial and viral pathogens were more frequently isolated during episodes with ≥3 loose-liquid stool per 24 hours than during episodes with <3 loose/liquid stools per 24 hours. In addition, bacteria were more frequently identified in episodes lasting more than two days than in episodes lasting for two or fewer days; however, only viruses and pathogenic protozoa were statistically associated with longer episodes. We identified recognized pathogenic agents in 44% of the examined stool samples, proportions that were higher than those reported by other community-based studies of gastrointestinal illness (de Wit et al., 2001; Wheeler et al., 1999) . The high rate of isolation is probably indicative of the high oral-fecal exposure and higher overall incidence of diarrhea in our population. It appears unlikely that the failure to identify etiologic agents in the remainder of the samples was due to delays in reporting, soliciting or collecting samples, nor to the frequent administration of medication (mothers reported giving remedies to their children on nearly 25% of days), since medications was mostly anti-motility and astringent rather than anti-bacterial/protozoan. Although carers only requested sample collection for a small percentage of reported episodes (11.4%, or 211/1856), our approach proved extremely efficient for obtaining samples (91% of all requests were collected); we obtained fecal samples from many episodes that otherwise would probably have not come to clinical attention, since carers usually do not seek medical attention for children with shorter, less severe episodes. Furthermore, carers requested collection for nearly 80% of samples in the first four days of diarrhea episodes, and were more likely to request collection when a home-visit occurred during diarrhea episodes; these facts demonstrate the effectiveness of our community-based monitoring. However, because the presence of a more severe clinical presentation, rather than socioeconomic factors, appeared to motivate carers to request collection, the fact that carers only requested sample collection for about 10% of episodes could mean that the examined stool samples are overly representative of the most severe cases of diarrhea in this community. This phenomenon is often observed when monitoring disease, since more severe cases are always more likely to be detected or reported.
Here, Campylobacter was identified more frequently than Salmonella, which is an unusual finding. Further molecular investigation of the isolates is underway to confirm the presence of rare and emerging strains. The high prevalence of G. lamblia and helminths is consistent with regular corprological evaluations of this study population, which were performed independently of diarrhea occurrence . Viral pathogens were probably present in a larger percentage of samples, since Norovirus was not included in the diagnostic battery for viral agents, and may have been present in some of these samples. Many of the samples that did not receive viral screening were too liquid for analysis, and therefore presumably produced by children with more severe diarrhea, which was associated here with viral infection. This study allowed us to characterize the general profile of diarrhea in children from poor areas of Salvador, and demonstrate the efficiency of a public health system based on 'sentinel areas' for monitoring health events such as diarrhea where the gap between morbidity and mortality is growing (Kosek et al., 2003) due to interventions that effectively reduce mortality (Guimarães et al., 2001; Victora et al., 2000) but not morbidity (e.g. oral rehydration therapy). Because a broad range of pathogens causes diarrhea, the inclusion of stool-sample collection and examination provided important complementary information for early detection of changes in the occurrence and molecular characteristics of pathogenic agents, and could serve as an important supplement to previous efforts to monitor diarrhea in Brazil using outpatients, hospital and mortality data (Benicio and Monteiro, 2000; Bittencourt et al., 2002; Facanha and Pinheiro, 2005; Guimarães et al., 2001; Kale et al., 1998) . In Salvador, the implementation of a large basic sanitation project has created an opportunity to observe changes in the occurrence, magnitude and specific profile of etiologic agents of diarrhea in an developing urban context . The results of this study were used to inform the design and execution of a case-control study (currently underway) that investigates the environmental risk factors related to specific pathogens and seeks to clarify the importance of the most relevant diarrheagenic pathogens in our community.
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